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Begin at the Beginning

e  Observation — a record obtained by an act of recognizing and noting a fact
or occurrence often the outcomes of an experiment, investigation, or
survey and measuring with instruments.

o  Data — a collection of observations. Factual information (as
measurements) used as a basis for reasoning, discussion, or calculation.

° What to do with data? Investigate how it came about, what caused it,
manipulate conditions to produce it, use it to make predictions.

e  To do the above to data usually means — Model It

World Views in Modeling

How data is modeled and the purpose of modeling will depend on the
modeler’s world view.

Deterministic Model (Functional Model)
Stochastic Model (Statistical Model)

Classical Statistical Model (General Linear Model)
— actually a subset of the Stochastic Model

Classical Statistical Modeling

®  An observation is thought of as being composed of three parts: a part due
to the average of all observations in the population, a part due to
manipulation, the level of an applied factor(s), i.e., a treatment(s), and a
part due the unique properties of that particular observation in the
population

Yi=Hp+T+¢
o Rearranging shows that the deviation of an observation from the overall

mean is then due to the effect of its factor level, the treatment effect, and
its other properties, the error

Yij_U=Tj+€ij
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Assumptions of the Model

®  The observations are independent. Measuring or observing one does not

Example 1: High Tunnel Tomato Yield

affect the measurement or observation of another.
CV1 CV3 CVv4 Cv2
®  The erroris a sample from a probability distribution. Often in modeling this
is a normal distribution, also known as the bell-shaped curve.
Cv2 CVv4 CV3 CcV1
®  The errors for the observations come from the same probability
distribution.
CV3 Cv2 CcV1 CVv4
Cultivar
Plot 1 2 3 4 Observation Decomposition
Y
1 12 14 19 24
30 Yot
2 18 12 17 30 :
3 — 13 21 — z.
Total walll
Total 30 39 57 54 180
Mean 15 13 19 27 18 22
Number of Plots 2 3 3 2 10 P
53
18 : =18
An observation, the yield for a plot, is viewed as being composed of the average = i
yield of tomatoes in the high tunnel plus an effect due to the cultivar on the plot : T
and an effect due to the individual differences intrinsic to each plot. 14 S 2
Yo i
—_ . ) 10 4
cvi cv2 cv3 cv4
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Determining if Treatment is Important

° For each observation the square of the distance of the estimated treatment
effect from the estimated overall mean is calculated. In the above plot
would be squaring and summing the solid green lines. The sum of these
distances is known as the sum of squares treatment.

®  The squared distance of the each observation from the estimated
treatment effect is calculated. In the above plot this would be squaring and
summing the dotted red lines. The sum of these distances is known as the
sum of squares error.

®  We look at a ratio of the average sum of squares treatment and the
average sum of squares error.

° If the ratio is large enough, then we judge that the treatment has an
important effect in understanding the differences between the means of
the treatment levels.

High Tunnel Tomato Yield Analysis

° The average sum of squares treatment, i.e., the cultivar effect: 258/3 = 86
®  The average sum of squares error, i.e., the mean square error: 46/6 = 7.67

° The ratio is: 86/7.67 = 11.21

o Under the assumptions of the model and that the probability distribution for
the error is the normal distribution, 11.21 is large enough. The probability
of obtaining a ratio this large if the average cultivar yields were not
different is only .007. The conclusion is that the cultivar is important in
explaining the differences in the average tomato yields.

Cultivar 1 Cultivar 2 Cultivar 3 Cultivar 4
Average Yield 15 13 19 27

Deterministic (Functional) Model

e  Mathematical function(s) is used to model a process, usually chemical or
physical.

e  Observations or predictions are the results of how the inputs interact in the
process.

®  The model can be very complex however the more complex the model the
more inputs, parameters, and terms are needed for prediction.

®  The model is only as good as the science used to make it. Assumes the
process is understood and the data for it can be collected.

® By changing any of the inputs, any of the values of the parameters, new
predictions and “What if?” questions can be asked.

Example 2: Return on an Investment

F=P(1+r/m)m
Where:

F = Future value

P = Present value,

r = Annual rate,

m = Periods/Year,

Y = number of Years

5-Year Return on $1000 at Federal Funds Rate, June 2004 — January 2006

Rate  Return Rate  Return Rate  Return Rate  Return
1.25 1064.46 225 1118.95 3.25 1176.19 425 1236.30
1.50 1077.83 2.50 1133.00 3.50 1190.94 450 1251.80
1.75 1091.37 275 1147.22 3.75 1205.88
2.00 1105.08 3.00 1161.62 4.00 1221.00
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Example 3: Verhulst-Pearl Logistic Growth

N,., = N, + rN(1 + N/K)

Where:

N, is the population size at time t,
r is the growth rate of the population,

K is the carrying capacity of the habitat

Time till Exceed Carrying Capacity
Initial Population: 1200 Carrying Capacity: 2400

2600

2400 l," 77777777777777 — Constant K
2200

2000
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1800 Growth Rate
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1200

Year

Stochastic (Statistical) Model

®  Uses mathematical function(s) to model a process.

®  Atleast one model parameter is a random variable described by a
probability distribution.

e  Ability to reproduce and predict observations are based on patterns of
previous data, not necessarily the underlying physical or chemical
processes.

° Some view these models as ‘black-box’ models.

Example 4: Verhulst-Pearl Logistic Growth

Nis = Np+ rN(T + N/Ky)

Where:

The carrying capacity at time t, Kf(t), is the initial carrying capacity multiplied by a

random variable, p. Kf(t) = K,p

Inyears 1,4,5,8,9,12... p has an equal chance of taking any value between
0.85 and 0.95.

In years 2,3,6,7,10,11... p has an equal chance of taking any value between
0.95and 1.25

Mathematically this is

{0.85 < p < 0.95 uniformly distributed whent= 1,4,5,8,9,12...
0.95 < p < 1.25 uniformly distributed when t= 2,3,6,7,10,11...
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Carrying Capacity and Growth as a Function of Time
Initial Population: 1200

Initial Carrying Capacity: 2400

Example 5: Number of Marriage Licenses

3000 " In an attempt to model the number of marriage licenses issued in
] i ' March from 38 randomly selected county courthouses, a linear
SRR i regression model was used.
2600 | i K for 1% Growth
] rd The input variables were:
2400 t Constant K
S _ { Income = average household income in the county.
§ 2200 o Liquor = number of liquor stores within a 10 block radius of the
g i courthouse.
2000 Rain = rainfall in inches for the county in March.
1 Robins = number of robins reported in the county’s March bird survey.
1800 TV = average number of television sets per household in the county.
7 EoriBitie Worship = number of houses of worship within a 3 mile radius of the
1500 — courthouse.
’ — 3%
1400
1200 Result
s 10 voon 30 ¥ 40 Marriage Licenses = 108.90 + 4.63(Robins)
Scatter Plot 1 Scatter Plot 2
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Scatter Plot 3

Scatter Plot 4

deterministic element.
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Comparing Models - Stochastic madel witherr
Q=/£(PIQ)+vVv
s . N Q is the observation based on a function, f(-), P is the inputs, for the
° rl:r)ue)tdeerlmr:gstrlr?o?jne? es:s)ihgsrt;%g)ﬁepl:rltmk the same when the deterministic model parameters, Q, and v is the model error.
¢ Deterministic model with error ®  f(P|Q) is the deterministic component and v is the stochastic part.
Q=£(PIQ) +e
. . . ®  The model error occurs because the model is based on mathematical
g;z;:‘igrgﬁgz:?n()ba:;deoir; ?hfeurr]r?(t)lggi Jefdr(r.())’r of the process P, for the function(s), measurement error and unexplained variability.
. R . . ® |n the stochastic model the deterministic element, £.(P|Q), is derived
* /(PIQ)is the deterministic component and ¢ is the stochastic part. to insure reproduction of characteristics of Q without regard to
. . s . underlying physical processes.
®  The model error can occur either through mis-specifying the model, i.e., ying phy P
leaving out factors that explain the process, or measurement error.
®  Goal is usually to minimize e by some means and focus on the
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®  The Stochastic model's weakness is that it is does not necessarily
represent observed internal physical laws or processes. Consequentially,
the model may not be useful in understanding how the observations occur.

®  The Deterministic model’s weakness is that it can not reproduce the
variance of observed model outputs. As long as the model residuals
(observed value - predicted value) are independent of the model inputs

Var[Q] = Varl[f,(P|Q)] + Var[e]

it will always hold that Var[f;(P|Q)] < Var[Q] , unless Var[e] = 0 which
means there is no model error.

Relationship to Spatial Modeling

Spatial models comprise two sources of variation:
Large Scale Variation (modeling the mean structure) and
Small Scale Variation (modeling the covariance structure).

Large Scale Variation = Trend
o Involves the entire region of the study or experiment area.
e  All points are used equally to predict an observation.

o In a deterministic model this would be the functional part that describes a
process, e.g., modeling how fast water flows down a slope.

o In a stochastic (statistical) model this would be the treatments in an
analysis of variance, independent variables in a regression, blocks.

Small Scale Variation

®  Once large scale variation has been removed, only neighboring points are
used to estimate a nearby observation.

e  Observations are viewed as being correlated. Observations close together
are more correlated than observations further apart. As observations
become further apart a distance is reached where the correlation is
negligible.

® A perfect deterministic model would have no small scale variation. That
these models do have small scale variation is largely a matter of
measurement error.

° A statistical model will have small scale variation, since the model is based
on mathematical functions and proxy variables that do not fully explain the
process, plus it will have measurement error.

ome physiologists will have it that the

stomach is a mill; --others, that it is a

fermenting vat;--others again that it is a
stew-pan;--but in my view of the matter, it is
neither a mill, a fermenting vat, nor a stew-
pan--but a stomach, gentlemen, a stomach.

William Hunter 1718-1783
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